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Under  cer ta in  conditions,  per iodate  oxidizes poly-  
saccharides. Consequent ly  p lasma of C. intestinalis, A .  
malaca, or Ph. mamillata was incubated  a t  p H  5.4 wi th  
sodium metaper iodate ,  0.02 M and 0.04 M final concentra-  
tions. The  react ion mixtures  were incubated  in darkness  
for several  hours  a t  25 ~ and then  dialyzed against  PBS.  
The hemagglu t ina t ing  ac t iv i ty  of the plasma prepara t ions  
was not  affected by per iodate  t rea tment .  The  ac t iv i ty  of 
the per iodate  concentra t ions  was verif ied by incubat ing  
react ion mixtures  for 1 h in which the  p lasma was 
replaced by  0.01 M glucose or saccharose solutions and 
1% starch solution. The per iodate  consumpt ion  was t raced 
by  reading the  absorbance at  223 nm 16. 

Since molecules wi th  definite size, shape and charge 
can be character ized by  their  solubi l i ty  in a given medium, 
a t t empt s  were made to f rac t ionate  hemagglut in ins  on the 
basis of their  solubil i ty in a m m o n i u m  sulphate  solutions ~7. 
The exper iments  were carried out  wi th  p lasma from ph .  
mamillata and A.  malaca which have  shown the  highest  
hemagglu t ina t ion  titres. Al iquots  were incubated  at  0~ 
for several  hours wi th  increasing concentra t ions  of 
a m m o n i u m  sulphate  (25, 50, 75, 100% final concentra-  
tion) and then  centr i fuged at  18,000 •  for 60 rain at  0~ 
The precipi ta te  was dissolved in saline. All the  samples 
were dyalized against  P B S  and then  subjected to a 4-fold 
concent ra t ion  in a Diaflo equipped wi th  UM2 membrane  
(Amicon Corp., Lexington,  Mass.). The  act ive  fract ion 
precipi ta tes  comple te ly  at  75 and 100% a m m o n i u m  
sulphate  sa tura t ion levels and the  hemagglu t ina t ing  
ac t iv i ty  was found in the  precipitate.  

In  a fur ther  exper iment ,  we a t t emp ted  to see whether  
or no t  2-mercaptoethanol ,  a reagent  t h a t  breaks the  S-S 
l inkage in prote in  molecules, affects hemagglu t ina t ing  
ac t iv i ty  of the  p lasma preparat ions.  Al iquots  of the plas- 
ma  were t rea ted  for 1 h at  room tempera tu re  wi th  2- 
mercap toe thanol  (0.1 M and 0.2 M final concentrat ion) in 
saline; the  react ion was s topped by addi t ion respect ive ly  
of 0.2 M and 0.4 M iodoacetamide,  and the react ion 
mix ture  were dialyzed against  PBS.  Bo th  2-mercapto-  
e thanol  concentra t ions  destroyed the  hemagglu t ina t ing  
ac t iv i ty  of the plasma. 

An a t t e m p t  was made  to digest p lasma prepara t ions  
wi th  proteolyt ic  enzyme to see if the fract ion carrying 
the hemagglu t ina t ing  ac t iv i ty  was prote in ;  0.9 ml 
plasma preparat ions  were dialyzed overn igh t  against  
0.05 M KCI-HC1 buffer (pH 2) and then  incubated  wi th  
0.1 ml  pepsin (Sigma) solution (4 mg/ml)  at  37~ for i h. 
The  react ion mixture  was dialyzed against  P B S  and the  
hemagglu t ina t ing  tests were performed a t  37~ or 4~ 
This  t r e a t m e n t  complete ly  dest royed the  hemagglu t ina t -  
ing ac t iv i ty  of plasma prepara t ion  f rom A scidia malaca 
and Phallusia mamillata. Since the  hemagglu t ina t ing  

ac t iv i ty  was no t  influenced when enzyme-free react ion 
mix ture  were incubated,  possibly hemagglu t in in  is 
digested by  the  enzyme.  

Conclusions. Data  presented in this paper  show tha t  
Ciona intestinalis L., Ascidia malaca Fraus t  and Phallu- 
sia mamillata Cur.  possess in thei r  p lasma agglut inins for 
a number  of ve r t eb ra t e  erythrocytes .  In  each Ascidian 
species, the  agglut inins are specific for a given va r i e ty  
of erythrocytes .  Absorpt ion tests suggest t ha t  the  react ive  
sites of these molecules have  similar  properties.  

P lasma from Phallusia mamillata shows the  highest  
ac t iv i ty  and agglut inates  e ry throcytes  f rom all ver te-  
bra te  employed.  By  contras t  p lasma from Ciona intesti- 
halls presents  the  lowest  spec t rum of hemagg lu t ina t ing  
act ivi ty .  Possibly there  are small  phylogenet ic  differences 
in the  molecular  s t ructure  of the  hemagglut in ins  which 
could account  for this  range of specificity. 

Other  invest igators  1~ found t h a t  hemagglu t in in  of 
Styela plicata is v e r y  heat -s table  (140~ for 30 min), 
res is tant  to t ryps in  digestion and dest royed by  periodate.  
Therefore  t h e y  suggest  t ha t  this molecule is a polysac-  
char ide or a mucopolysaccharide.  

Our results, ob ta ined  by  physical  and chemical  
t r ea tmen t s  of the  plasma, exclude the possibi l i ty  t ha t  
hemagglut in ins  f rom Phallusia mamillata and A scidia 
malaca are polysaccharides.  They  are res is tant  to perio- 
date, sensi t ive to mercaptoethanol ,  digested by  pepsin, 
inac t iva ted  by hea t ing  at  IO0~ and prec ip i ta ted  by  
a m m o n i u m  sulphate.  These da ta  suggest  that ,  at  least 
in these two Ascidian species, the  hemagglu t in in  m a y  be a 
protein or a protein- l ike substance in which the  molecular  
s t ruc ture  is character ized by a high molecular  weight,  
high resistance to the rmal  dena tura t ion  and insensi t iv i ty  
to p H  and cat ion action. 

Summary.  Plasma from Ciona inlestinalis, Phallusia 
mamillata and A scidia malaca possess hemagglu t in in  for a 
va r ie ty  of erythrocytes .  Results  obta ined by  physical  
and chemical  t r ea tmen t s  suggest t h a t  hemagglu t in in  
for Phallusia mamillata and Ascidia malaca m a y  be a 
protein or a prote in- l ike  substance. 
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B i o - E l e c t r i c a l  C h a n g e s  Induced  by  a R e a c t i o n  B e t w e e n  Rabbi t  Ig  and A n t i - R a b b i t  Ig on  the  
Surface  of the Rat  Cerv ica l  G a n g l i o n  

The present  exper iment  concerns the  ini t ial  phase of 
ac t iva t ion  of the cell by  immunological  means, and is 
based on the  following inferences drawn from immune-  
sciences and neuro-seiences: the  recognit ion of ant igen by  
lymphocytes  is media ted  by  immunoglobul in  molecules 
incorpora ted  into the  membrane  surface1; there  is a 
close relat ionship be tween membrane  potent ia ls  and 
macromolecules  of the  neuronal  membrane ;  the  anti-  
brain ant ibodies combine  specifically wi th  antigenic 
de terminants  of the  neuronal  membrane  2, and the  basic 

processes under ly ing the  response of the l ymphocy te  and 
the  neuron to s t imuli  are similar 3. 

1 ~r F. GREAVES, J. J .  T. O'~VEN and M. C. RAFF, T and B Lym- 
phocytes: Origin, Properties and Roles in Immune Responses 
(American Elsevier, New York 1974). 

2 B. D. JANKOVId, in Macromolecules and Behavior (Ed. J. GAITO; 
Appleton-Century-Crofts, New York 1972), p. 99. 
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(1973). 
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Fig. 3. Groups of brightly fluorescing rat thymocytes (• 
treated with rabbit anti-rat synaptic membrane Ig and fluorescein 
conjugate. The great majority of thymoeytes exhibited ring-type 
and diffuse fluorescence. 

or 
Fig. 1. Scheme of experimental assembly. The isolated rat  superior 
cervical ganglion (G) is maintained at 37 ~ in a 2 ml Perspex chamber 
filled with Krebs solution continuously aerated with 95 ~ 02 and 5 % 
CO 2. The cervical sympathetic nerve end is aspirated into the stinm- 
lating (SE), and the carotid nerve end into the recording (RE) Ag- 
AgC1 electrode. Square wave pulses of supramaximal strength of 
6-10 V and of 0.25 see duration, generated by a Grass $88 stimulator 
(S) via a st imulus isolation unit (SIU), are employed for the stimula- 
tion of the pre-ganglionie nerve fibres. Summarized ganglionic 
potentials are recorded on a Tectronix 502A osciloscope (O) after 
amplification by a low-level preamplifier (P). 

T h e  i m m u n o - n e u r o l o g i c a l  m o d e l  u s e d  in  t h i s  s t u d y  h a s  
3 c o m p o n e n t s :  A, t h e  m e m b r a n e - a s s o c i a t e d  a n t i g e n s  of  
t h e  r a t  s u p e r i o r  c e r v i c a l  g a n g l i o n ;  t3, t h e  r a b b i t  a n t i - r a t  
s y n a p t i c  m e m b r a n e  I g  w i t h  i t s  a n t i - A  a c t i v i t y ,  a n d  C, 
t h e  c h i c k e n  a n t i - r a b b i t  I g  s e r u m  w h o s e  a c t i v i t y  is d i r e c t e d  
a g a i n s t  B.  F u n c t i o n a l l y ,  a n t i g e n i c  d e t e r m i n a n t s  of  t h e  
s y n a p t i c  m e m b r a n e  of  A s e r v e  a spec i f i c  r e c e p t o r s  for  
B,  a n d  B b y  v i r t u e  of  i t s  c h e m i c a l  n a t u r e  ( r a b b i t  Ig) is a 
spec i f i c  r e c e p t o r  for  C. I t  w a s  e x p e c t e d  t h a t  t h e  i n t e r a c -  
t i o n  b e t w e e n  C a n d  B w o u l d  g e n e r a t e  a t r i g g e r i n g  s igna l ,  
s e n d  i t  v i a  A to  t h e  n e u r o n a l  m e m b r a n e ,  t h e r e b y  c a u s i n g  
c h a n g e s  in  b i o e l e c t r i c a l  d i s c h a r g e s  a n d  a c t i v a t i n g  t h e  
n e u r o n .  T h u s ,  in  t h i s  i m m u n o n e u r o l o g i c a l  m o d e l  t h e  
n e u r o n a l  m e m b r a n e  s e r v e s  as  a b io log i ca l  i n d i c a t o r  of  a 
r e a c t i o n  b e t w e e n  I g  r e c e p t o r s  ( r a b b i t  Ig) a n d  t h e i r  
f u n c t i o n a l  p a r t n e r s  ( a n t i - r a b b i t  Ig) .  T h e  p r e s e n t  e x p e r i -  
m e n t  d i f f e r s  f r o m  s t u d i e s  w h i c h  w e r e  p r i m a r i l y  c o n c e r n e d  
w i t h  s t r u c t u r a l  a n d  f u n c t i o n a l  d i s s e c t i o n  of  t h e  n e r v o u s  
s y s t e m  b y  m e a n s  of  a n t i - b r a i n  a n t i b o d i e s  2. 

Materials and methods. T h e  i s o l a t i o n  of  s y n a p t i c  
m e m b r a n e  4 f r o m  t h e  r a t  b r a i n  a n d  t h e  p r e p a r a t i o n  of  
r a b b i t  a n t i - r a t  b r a i n  s y n a p t i c  m e m b r a n e  s e r u m  a re  
d e s c r i b e d  e l s e w h e r e  5. T h i s  a n i s e r u m  e x h i b i t e d  a t i t e r  of  
1 : 2 , 0 0 0  in  c o m p l e m e n t  f i x a t i o n  r e a c t i o n L  a n d  a n t i b o d y  
n i t r o g e n  v a l u e  of  236 • 28 txg/10 m g  of p r o t e i n  7, a n d  
f o r m e d  one  p r e c i p i t i n  l ine  w i t h  c o r r e s p o n d i n g  a n t i g e n  in 
a g a r o s e  s. T h e  c h i c k e n  a n t i - r a b b i t  I g  s e r u m  t e s t e d  w i t h  
r a b b i t  I g  p r o d u c e d  o n e  p r e c i p i t i n  b a n d  in  a g a r  a n d  
y i e l d e d  450 =~ 38 tzg A b N / 1 0  m g  of  p r o t e i n .  B o t h  a n t i s e r a  
we re  a b s o r b e d  w i t h  r a t  a n d / o r  r a b b i t  e r y t h r o c y t e s ,  l ive r  
cel l  m e m b r a n e s  a n d  s e r u m  p r o t e i n s .  T h e  I g  w a s  s e p a r a t e d  
f r o m  r a b b i t  a n t i - s y n a p t i c  m e m b r a n e  s e r u m  a n d  d i s s o l v e d  
in  K r e b s  s o l u t i o n  a t  37 ~ for  t h e  t r e a t m e n t  of  i s o l a t e d  

Fig. 2. Fluorescence microphotograph (• 500) of a paraffin section 
of the rat superior cervical ganglion treated first with rabbit anti- 
rat synaptie membrane Ig and then with Iluorescein conjugated 
sheep anti-rabbit Ig. Note the fluorescing neuronal membranes indic- 
ating the localization of rabbit Ig, and the absence of cytoplasmic and 
nuclear staining. Control sections of the rat liver and kidney treated 
in an identical manner  were negative. No staining was observed when 
Ig of normal rabbit serum was used as primary reagent or when 
fluorescein conjugate was treated with ganglion sections that  had 
not been pretreated with rabbit anti-synaptie membrane Ig. 
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Amplitudes of surface action potentials of isolated rat superior cervical ganglia treated first with rabbit anti-rat synaptic membrane Ig and 
then with chicken anti-rabbit Ig 

No. of ganglia tested First treatment Second treatment 

Reagent used Amplitudes after washing Reagen t used Amplitudes after 
in Krebs 

1 min 5 rain 

7 Rabbit anti-rat 3.97 ~ 0.30 Chicken anti- 4.99 • 0.45 5.27 5_ 0.57 
synaptic membrane Ig rabbit Ig (p << 0.05) (p < 0.05) 

6 Rabbit anti-rat 4.10 i 1.30 Normal chicken Ig 4.15 • 1.18 4.18 5. 0.1 
synaptie membrane Ig (p < 0.5) (p < 0.1) 

5 Normal rabbit ig 4.52 zlz 0.63 Chicken anti- 5.04 i 0.70 4.88 i 0.56 
rabbit Ig (p < 0.2) (p <~ 0.6) 

5 Normal rabbit Ig 5.27 • 1.35 Normal chicken Ig 5.45 -1- 0.66 5.30 -L 0.59 
(p < 0.3) (p < 0.6) 

Figures give means of amplitudes in mV ~ SD. Values compared: amplitudes after the first treatment against anlplitudes after the second 
treatment. The Student's t-test was employed. 

ganglia. Paraff in  sect ions of the  ra t  cervical  ganglion 
were used in f luorescent  an t ibody  assays 9. R a t  t h y m o c y t e s  
were also exposed f irs t  to r abb i t  an t i - synap t i c  m e m b r a n e  
Ig and  then  to fluorescein conjugated  sheep a n t i - r a b b i t  
IgG. The surface ganglionic poten t ia l s  of the  isolated ra t  
cervical  ganglion 9 were recorded as shown in Figure 1. 

Results and discussion. In immunof luorescen t  assays, 
the  neuronal  m e m b r a n e s  exhib i ted  br igh t  f luorescence 
whereas  in t racel lular  par t icu la tes  remained  uns ta ined  
(Figure 2). R a t  t h y m o c y t e s  also showed a specific fluo- 
rescence of r ing- type  af ter  being exposed to an t i - synap t ic  
m e m b r a n e  Ig (Figure 3), a f inding which suppor t s  the  
view t h a t  the l ymphocy te  and the  neuron  share some 
antigens10, 11. A full account  of this is given elsewhere 5. 

in  immunoneurologica l  assays, the  exper imenta l  group 
of 7 ganglia  was exposed first  to 200 txg of AbN of ant i -  
synapt ic  m e m b r a n e  Ig in 2 ml of Krebs  solution, and, 
af ter  an incubat ion  of 30 min, the  ganglion was tho rough ly  
washed  wi th  Krebs  solution and the  act ion poten t ia l s  
were repea ted ly  recorded unti l  a s table  response  to s t im-  
ulat ion was obta ined.  Krebs  solut ion was t h e n  replaced 
by  2 ml  of a Krebs  solut ion conta in ing  100 txg of AbN 
of chicken an t i - r abb i t  Ig, and o r thodromic  st imuli  were 
appl ied to the  cervical  sympa the t i c  t runk.  3 control  
groups  of ganglia (Table) were t rea ted  in a similar way. 

Resul ts  summar ized  in the  Table show t h a t  ganglionm 
cells coated wi th  r abb i t  an t i - synapt ic  m e m b r a n e  Ig as a 
rule d isplayed h igher  ampl i tudes  of m e m b r a n e  potent ia ls ,  
ranging f rom 25 to 41% above their  init ial  values,  af ter  
the  addi t ion  of chicken an t i - r abb i t  Ig. This  increase of 
ganglionic poten t ia l s  occurred wi th in  15 sec and  remained  
at  the  same level for 5 min  at  least. Surface poten t ia l s  of 
control  ganglia did no t  exhib i t  s ignif icant  changes.  All 
act ion poten t ia l s  d e m o n s t r a t e d  charac ter i s t ics  of a 
response to a single p resynapt ic  volleyl~. 

These results  suggest  t h a t  the  react ion be tween  r ab b i t  
Ig (which is bound  by  specific forces to the  neuronal  
membrane)  and an t i - r abb i t  ig  exer ts  an immed ia t e  s t imu-  
lat ing effect  on the  neurons  of the  ra t  s y m p a t h e t i c  gan-  
glion. In  the  l ight  of these findings,  one m a y  specula te  
about  the  initial  phase  of a specific ac t iva t ion  of the 
l ymphocy te  by  ant igen,  i t  has  been shown t h a t  an t i - Ig  
an t ibodies  s t imula te  l ymphocy te s  13. The energy  p roduced  
by  an an t igen -an t ibody  react ion ~4 m a y  be of such an 
a m o u n t  as to cause phys icochemica l  changes  in the  
surface m e m b r a n e  and subsequent  po t en t i a t i on  of the  

cell 's bioelectr ical  act ivi ty .  Thus,  a l tered m e m b r a n e  
potent ia ls  m a y  be considered an integral  pa r t  of the  
t r iggering signal for a specific ac t iva t ion  of the  l ympho-  
cyte.  Such an ac t iva t ion  of the  l ymphocy te  p robab ly  
differs f rom a nonspecif ic  s t imula t ion  of l ymphocy te s  by  
phy tohaemagg lu t i n in  tS. The immunoneurologica l  t e s t  
descr ibed can be made  more  sensi t ive if microelect rode 
t echn ique  is appl ied on s impler  sys tems  such as snail 
ganglion, and giant  axons of the  lobster,  squid and 
A plysia 2. 

Rdsumd. Une augmen ta t i on  de l ' ampl i tude  du potent ie l  
d ' ac t ion  est  observde dans  le ganglion cervical sup6rieur 
du ra t  quand  des Ig de lapin li6es 5~ la surface du ganglion 
r~agissent avec des an t icorps  dirig6s contre  les Ig du lapin. 
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